We were surprised to find that the positive thoracic pressure wave during the expulsion phase was characterized by the same EMG profile of the intercostal muscles and diaphragm, as were the preceding negative-pressure retching pulses (Figs. 2 and 3 The second procedure severely compromised the positive abdominal pressure changes that normally occurred during both phases of emesis, and it all but eliminated the negative and positive pressure pulses in the thorax despite the remaining action of the diaphragm (Fig. 5) . The failure of the diaphragm to generate significant pressures in either the abdomen or in the thorax during vomiting can be attributed to the lack of "splinting" by the abdominal muscles and by the long ribs which allowed the abdomen to distend and the chest to retract upon descent of the diaphragm.
Nevertheless, small but appropriate tracheal pressure variations were still in evidence particularly during the retching phase (Fig. 5) . It has been our experience in chronic low-cervical cord-sectioned animals being tested with emetic drugs that the vomiting act is facilitated by wrapping a binder around the abdomen (12). particularly to produce a suction effect in the thorax during retching (4-6, 17, 21). However, it has been a matter of contention whether air movement occurs simultaneously with retching.
Gold and Hatcher (4) employed a face-mask arrangement in unanesthetized dogs and cats and they showed that no pulmonary ventilation takes place during retching, whereas Jimenez-Vargas et al. (9) recorded air movements with a spirometer attached to a tracheal cannula in decerebrate dogs. The present work in decerebrate cats indicates that a closed glottis prevents respiratory air movement during the retching suction pulse since bypassing the glottis reduced markedly the peak negative thoracic pressure developed in this phase of vomiting. Effective generation of negative intrathoracic pressure during retching requires the concurrent activities of the diaphragm and external (inspiratory) intercostal muscles. The internal (expiratory) intercostal muscles were found to discharge only between retching pulses. Phrenicotomy alone essentially eliminated the retching pulses in the thorax even though the inspiratory intercostal muscles continued to discharge appropriately.
Similarly, high-thoracic spinal cord section, which inactivated the muscles between the long ribs, reduced considerably the negative pressure pulses despite the continuing activity of the diaphragm. Thus, the efl'ect of retching in the thorax is to provide repetitively, against a closed glottis, a brief but strong inspiratory effort that serves as the pulling counterpart of a unidirectional push-pull motion for the transfer of gastric contents across the diaphragm into a dilated esophagus. Indeed, cineradiographic observations made by McCarthy et al. (16) , and other studies as well (7, 10, 11, 13) , have revealed that during retching the fundus of the stomach itself was drawn through the diaphragmatic hiatus with marked cephalad displacement of the esophagogastric junction. However, from the present evidence, we cannot decide whether the forward movement of the stomach is entirely a passive response to external pressures or is effected partly by active shortening of the esophagus (10, 11).
Abdominal compartment. Positive venous pressure pulses observed in the abdomen during retching were closely synchronized with the negative pressure pulses seen in the thorax.
In no instance was a negative pressure deflection recorded from the abdomen.
After repeated vomiting, apparently owing to fatigue, a slight lag sometimes developed in the abdominal pulse peak relative the thoracic pulse. However, at no time did the abdominal pulse lead the thoracic pulse during retching. This signifies that contraction of the diaphragm starts off the retching event. The muscles of the c abdominal wall provide the major compressing force since phrenicotomy did not noticeably diminish the positive venous pressure peaks. On the other hand, high-thoracic spinal cord section which inactivated the abdominal wall muscles all but eliminated the retching compressions.
It is evident that the large negative pressure pulse normally generated in the thorax against a closed glottis places a significant restraining force on the diaphragm (see Fig. 4 ). In strong contrast to the concomitant inhibition observed in the internal (expiratory) intercostal muscles, the rectus abdominus and external oblique muscles acted in opposition to the diaphragm.
Thus, unlike the primary thoracic muscles of respiration which behaved at all times as breathing synergists, the abdominal accessory muscles were controlled as breathing antagonists during the act of vomiting.
Expulsion
T/loracic corn&u tmen t . The most remarkable feature of thoracic motor beha vior in the expulsion phase of vomiting was the full reversal from maxi mum negative to maximum positive in'trathoracic pressure while the diaphragm and external (inspiratory) intercostal muscles again discharged simultaneously as in the retching phase. Furthermore, the internal (expiratory) intercostal muscles remained silent as well. However, unlike the exact coincidence in onset of the negative pressure pulse with the diaphragmatic EMG in retching, the EMG activity started well in advance of the positive thoracic wave in expulsion.
Close examination of the diaphragmatic EMG often revealed a momentary hesitation in the electrical activity upon the transition of intrathoracic pressure from negative to positive. Gold and Hatcher (4) from their work in animals, and Paillard (17) from his work in humans, believed that the diaphragm relaxed during the expulsive event. Y) , on the other hand, maintained that the abdominal muscles and diaphragm exercised opposing forces on the stomach although they did not make a clear distinction between retching and expulsion. We have found during expulsion, as in retching, that the diaphragm continues to be active and the ribs hold in the inspiratory position, except that upon expulsion the diaphragm suddenly shifts its position upwards thereby transmitting into the thorax the pressure that has already been built up in the abdomen.
The action of the diaphragm in delaying the intrathoracic pressure conversion to a positive force becomes evident after phrenicotomy where it can be seen (Fig. 6 ) that the onset of the intrathoracic positive pressure wave during expulsion now coincides exactly with the abdominal pressure wave as well as with the external (inspiratory) intercostal EMG. Comparison of tracheal and intrathoracic pressures suggested to us the occurrence of airway collapse. The pressure wave in the thorax was sustained during expulsion despite the presence of a tracheostomy (Fig. 4) . We interpret this to mean that air was trapped in the lungs. It can be seen in Fig. 3 that the positive tracheal pressure excursion, as contrasted with the abdominal pressure, was not well sustained during expulsion which is consistent with a collapse of the airway between the lung parenchyma and the cervical trachea caused by the sudden development of an inordinately high intrathoracic pressure, i.e., greater than 30 mmHg (18, 19) . In fact, the brief positive pressure deflection in the trachea is extinguished at the peak of the positive pressure wave in the thorax. A sustained tracheal pressure rise was observed after spinal cord section (see Fig. 5 ) since presumably the residual abdominal contraction did not raise the intrathoracic pressure sufficiently to produce complete airway collapse. The involuntary crow that often accompanies expulsion can now be explained as resulting from the forced evacuation of dead space on collapse of the airways rather than from a deflation of the lungs. Indeed, the air cushion formed by the sealed lungs provides the thoracic counterpressure to the abdominal squeeze for ejection of the esophageal and gastric contents.
Abdominal compartment. Magendie (14) was the first to show that vomiting could be effected by either the diaphragm or the muscles of the abdominal wall acting independently. That observation has been verified many times and is again confirmed in the present experiments. Nevertheless, the fact that remarkable pressures can be generated in the large body cavities after phrenicotomy, coupled with the fact that the expiratory intercostal muscles are silent during the expulsion phase of vomiting, leads inescapably to the conclusion that the positive pressure wave generated in both the abdomen and thorax originates from a single source, namely the contraction of the abdominal bodv wall muscles. In conclusion:
I) The salient distinction between retching and expulsion phases of vomiting is the direction of intrathoracic pressure change, namely, negative in retching and positive in expulsion ; the abdominal pressure change is positive-going in both phases. Nevertheless, the electromyograms from the diaphragm and body-wall muscles of the thorax and abdomen do not differ in their spatial pattern of discharges during retching and expulsion.
2) Retching is accounted for by the external (inspiratory) intercostal muscles briefly contracting synergically with the diaphragm in a periodic fashion as the glottis is held closed, while the abdominal muscles contract phasically in opposition to the diaphragm.
3) Expulsion is accounted for by a more persistent contraction of the abdominal muscles during the course of which a sudden upward shift of the diaphragm transmits into the thorax the pressure already generated in 4) Pulmonary airway collapse evidently the abdomen. occurs as a result of the large positive pressure surge delivered to the thorax in the expulsion phase of vomiting. 
